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Abstract
We study the exclusive production of J/ψ or Υ in pp and p¯p colli-
sions, where the meson emerges from the pomeron–odderon and the
pomeron–photon fusion. We estimate the cross sections for these pro-
cesses for the kinematical conditions of the Tevatron and of the LHC.
1 Introduction
The new analysis of exprimental data on the exclusive hadroproduction processes by the CDF
collaboration [1] shows that these types of processes can be objects of detailed study at the
Tevatron and in the near future at the LHC. Up to now, the most intensively studied exclusive
hadroproduction processes include the dijet or the γγ production in the central rapidity region
and the Higgs meson production [2], see Fig. 1. Here, we discuss the exclusive hadroproduction
of J/Ψ and Υ mesons, i.e.
pp (p¯) → p′ V p′′ (p¯′′ ) , where V = J/ψ, Υ . (1)
The main motivation of our recent study [3] of the process (1) is that the production of a char-
monium V , with the quantum numbers JPC = 1− −, occurs as the result of a pomeron-odderon
or pomeron-photon fusion. Such studies can thus probe the dynamics of the odderon [4], i.e.
the counterpart with negative charge parity of the pomeron. Odderon escapes experimental ver-
ification and until now has remained a mystery, although various ways to detect it through its
interference with a pomeron mediated amplitude [5] have been recently proposed (for a review
see [6]).
2 The scattering amplitude
In the lowest order of perturbative QCD, the pomeron and the odderon are described by the
exchange of two and three non-interacting gluons, respectively. The lowest order contribution to
the hadroproduction
h(pA) + h(pB)→ h(pA′) + V (p) + h(pB′) (2)
is illustrated by diagrams of Fig. 2, from which the diagrams (a,b) describe the pomeron-odderon
fusion and (c,d) the photon-pomeron fusion. The momenta of particles are parametrized by the
Sudakov decompositions
pA′ = (1− xA)pA + l
2
s(1− xA)pB − l⊥ , pB
′ =
k2
s(1− xB)pA + (1− xB)pB − k⊥ , (3)
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Fig. 1: Kinematics of the exclusive meson production in pp (pp¯) scattering.
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Fig. 2: The lowest order diagrams contributiong to the pomeron-odderon fusion (a,b) and the pomeron–photon fusion
(c,d) for vector meson production.
with l2 = −l⊥ · l⊥ ≈ −(pA − pA′)2 ≡ −tA, k2 = −k⊥ · k⊥ ≈ (pB − pB′)2 ≡ −tB and
p = αppA + βppB + p⊥
αp = xA − k
2
s(1− xB) ≈ xA , βp = xB −
l2
s(1− xA) ≈ xB , p⊥ = l⊥ + k⊥ , (4)
which lead to the mass-shell condition for the vector meson, V = J/ψ,Υ,
m2V = sxAxB − (l + k)2 .
The scattering amplitude written within the k⊥-factorization approach is a convolution in trans-
verse momenta of t−channel fields. For instance, the contribution of Fig. 2a reads:
MP O = (5)
−is 2 · 3
2! 3!
4
(2pi)8
∫
d2l1
l21
d2l2
l22
δ2(l1 + l2 − l) d
2k1
k21
d2k2
k22
d2k3
k23
δ2(k1 + k2 + k3 − k)
×δ2(k3 + l1)k23 δλ1κ3 · Φλ1λ2P (l1, l2) · Φκ1κ2κ3P (k1,k2,k3) · Φλ2κ1κ2J/ψ (l2,k1,k2) ,
where Φλ1λ2P (l1, l2) and Φ
κ1κ2κ3
P (k1,k2,k3) are the impact factors describing the coupling of the
pomeron and the odderon to scattered hadrons, respectively, whereas Φλ2κ1κ2J/ψ (l2,k1,k2) is the
effective J/ψ-meson production vertex.
The proton impact factors are non-perturbative objects and we describe them within the Fukugita-
Kwiecin´ski eikonal model [7]. For the pomeron exchange the impact factor of the proton is the
product
Φλ1λ2P (l1, l2) = 3 Φ
λ1λ2
q (l1, l2) FP (l1, l2) , (6)
of the impact factor of a quark
Φλ1λ2q (l1, l2) = −α¯s · 8pi2 ·
δλ1λ2
2Nc
, (7)
and the phenomenological form-factor FP describing the proton internal structure
FP (l1, l2) = F (l1 + l2, 0, 0) − F (l1, l2, 0) , (8)
which vanishes when any of li → 0, as required by colour gauge invariance. The function
F (k1,k2,k3) is chosen in the form
F (k1,k2,k3) =
A2
A2 + 12 ((k1 − k2)2 + (k2 − k3)2 + (k3 − k1)2)
, (9)
with A a phenomenological constant chosen to be half of the ρ meson mass, A = mρ/2 ≈
384MeV. The analogous impact-factor for the odderon exchange reads
Φκ1κ2κ3P (k1,k2,k3) = 3 Φ
κ1κ2κ3
q (k1,k2,k3)FO(k1,k2,k3) , (10)
where
Φκ1κ2κ3q (k1,k2,k3) = i α¯
3
2
s 2
5 pi
7
2
dκ3κ2κ1
4Nc
, (11)
and the form-factor FO has a form
FO(k1,k2,k3) = F (k = k1 + k2 + k3, 0, 0) −
3∑
i=1
F (ki,k − k i, 0) + 2 F (k1,k2,k3) . (12)
The derivation of the effective production vertex of J/ψ, Φλ2κ1κ2J/ψ (l2,k1,k2), in Eq. (5) is one of
the main results of our study. The charmonium is treated in the non-relativistic approximation
and it is described by the c¯c→ J/ψ vertex
〈c¯ c|J/ψ〉 = gJ/ψ
2
εˆ ∗(p)
(
p · γ +mJ/ψ
)
, mJ/ψ = 2mc , (13)
with the coupling constant gJ/ψ related to the electronic width Γ
J/ψ
e+e−
of the J/ψ → e+ e− decay
gJ/ψ =
√
3mJ/ψΓ
J/ψ
e+e−
16piα2emQ
2
c
, Qc =
2
3
. (14)
The effective vertex g + 2g → J/ψ is described by the sum of the contributions of the diagrams
in Fig. 3 which has the form
Φλ2κ1κ2J/ψ (l2,k1,k2) = α
3
2
s 8pi
3
2
dκ1κ2λ2
Nc
VJ/ψ(l2,k1,k2),
VJ/ψ(l2,k1,k2) = (15)
4pimcgJ/ψ

− xBε∗ · pB + ε∗ · l2⊥
l22 + (k1 + k2)
2 + 4m2c
+
ε∗ · l2⊥ + ε∗ · pB
(
xB − 4k1·k2sxA
)
l22 + (k1 − k2)2 + 4m2c

 .
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Fig. 3: The six diagrams defining the effective vertex g + 2g → J/ψ.
In the numerical analysis we set αs(mc) = 0.38 and αs(mb) = 0.21.
The analogous formula which describes the photon-pomeron fusion in Fig. 2c has the form
Mγ P = (16)
− 1
2!
· s · 4
(2pi)4 l2
ΦγP (l)
∫
d2k1
k21
d2k2
k22
δ2(k1 + k2 − k) Φκ1κ2P (k1,k2) Φ˜κ1κ2J/ψ (l,k1,k2) ,
where ΦγP (l) is the phenomenological form-factor of the photon coupling to the proton chosen
as ΦγP (l) = −ie · F (l, 0, 0). The pomeron impact factor Φκ1κ2P (k1,k2) is given by Eq. (6)
and Φ˜κ1κ2J/ψ (l,k1,k2) is the corresponding effective vertex expressed through VJ/ψ(l,k1,k2) in
Eq. (15)
Φ˜κ1κ2J/ψ (l,k1,k2) = αs eQc 8pi
δκ1κ2
Nc
VJ/ψ(l,k1,k2) . (17)
The phases of the scattering amplitudes describing the two mechanisms of J/ψ-meson produc-
tion differ by the factor i = eipi/2. Consequently, they do not interfere and they contribute to the
cross section as a sum of two independent contributions.
3 Estimates for the cross sections
We analyse the contributions of pomeron-odderon fusion and the photon-pomeron fusion sepa-
rately. DenotingMtotPO =MPO+MOP andMtotγP =MγP+MPγ we calculate the differential
cross sections with respect to the rapidity y ≈ 12 log(xA/xB), the squared momentum transfers
in the two t-channels, tA, tB , and the azimuthal angle φ between k and l
dσ
(ε)
i
dy dtA dtB dφ
=
1
512pi4s2
|Mtoti |2 i = PO, γP , (18)
and the partially integrated cross sections
dσi
dy
=
∑
ε
∫ tmax
tA
min
dtA
∫ tmax
tB
min
dtB
∫ 2pi
0
dφ
dσ
(ε)
i
dy dtA dtB dφ
, (19)
with tAmin = 0 = tBmin for the PO-fusion and tAmin = m2px2A, tBmin = m2px2B for the γP -fusion,
and we set tmax = 1.44 GeV2. This leads to the naive predictions shown in the Table 1. More
dσ/dy J/ψ Υ
odderon photon odderon photon
pp¯ 20 nb 1.6 nb 36 pb 1.1 pb
pp 11 nb 2.3 nb 21 pb 1.7 pb
Table 1: Naı¨ve cross sections dσ/dy given by (19) for the exclusive J/ψ and Υ production in pp and pp¯ collisions
by the odderon-pomeron fusion, assuming α¯s = 1 and analogous cross sections dσγ/dy for the photon contribution.
realistic cross-sections are obtained by taking into account phenomenological improvements,
such as related to the BFKL evolution (which is very important for the pomeron exchange and
which may be omitted for the odderon exchange [3]), the effects of soft rescatterings of hadrons,
and the precise determination of the value of the model parameter α¯s in the impact factors. For
that we write the corrected cross-sections in the form
dσcorrPO
dy
∣∣∣∣
y=0
= α¯5s S
2
gapE(s,mV )
dσPO
dy
,
dσcorrγP
dy
∣∣∣∣
y=0
= α¯2s E(s,mV )
dσγP
dy
, (20)
where dσPO/γP/dy are the cross sections given by (19) at α¯s = 1. The BFKL evolution for
pomeron exchange is taken into account by inclusion of the enhancement factor, which for the
central production (i.e. for the rapidity y = 0) has the form
E(s,mV ) = (x0
√
s/mV )
2λ. (21)
Here, x0 is the maximal fraction of incoming hadron momenta exchanged in the t−channels
(or the initial condition for the BFKL evolution) and it is set x0 = 0.1. The effective pomeron
intercept λ is determined by HERA data and it equals λ = 0.2 (λ = 0.35) for the J/ψ (Υ)
production [8].
The gap surviving factor S2gap for the exclusive production via the pomeron-odderon fusion is
fixed by the results of Durham two channel eikonal model [9]: S2gap = 0.05 for the exclusive
production at the Tevatron and S2gap = 0.03 for LHC. In the case of production from the photon-
pomeron fusion, S2gap = 1 [10].
The available estimates of the effective strong coupling constant α¯s in the Fukugita–Kwiecin´ski
model yield results with rather large spread: from α¯s ≈ 1 [7], through α¯s ≈ 0.6−0.7 determined
from the HERA data [3] to α¯s ≈ 0.3 determined from data on elastic pp and pp¯ scattering [11].
This led us to introduce three scenarios which differ by the values of α¯s and of S2gap. In the
optimistic scenario we use a large value of the coupling, α¯s = 1, combined with the gap survival
factors obtained in the Durham two-channel eikonal model. We believe that the best estimates
should follow from the central scenario defined by α¯s = 0.75, and Durham group estimates
S2gap = 0.05 (S2gap = 0.03) at the Tevatron (LHC). The pessimistic scenario is defined by
α¯s = 0.3 and S2gap = 1.
Table 2 shows our predictions for the phenomenologically improved cross sections in all three
scenarios. Their magnitudes justify our hope that the process (1) is a subject of experimental
study in the near future at the Tevatron and at the LHC [12]. The encouraging feature of our
dσcorr/dy J/ψ Υ
odderon photon odderon photon
Tevatron 0.3–1.3–5 nb 0.8–5–9 nb 0.7–4–15 pb 0.8–5–9 pb
LHC 0.3–0.9–4 nb 2.4–15–27 nb 1.7–5–21 pb 5–31–55 pb
Table 2: The phenomenologically corrected cross sections dσcorr/dy|y=0 for the exclusive J/ψ and Υ production
in pp and pp¯ collisions by the pomeron–odderon fusion, and analogous cross sections dσcorrγ /dy|y=0 for the photon
contribution for the pessimistic–central–optimistic scenarios.
results is due to the fact, that the measurement of the ti dependence of the cross section partially
permits filtering out the γ P contributions and to uncover the PO ones.
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